Synthesis of silk fibroin-insulin bioconjugates and their characterization and activities in vivo.
The regenerated liquid silk fibroin with an average molecular mass of about 60 kDa consists of 18 kinds of amino acids containing approximately 10% of polar amino acids with hydroxyl and amino groups such as serine and lysine. The liquid silk fibroin is coupled covalently with insulin molecules through these strongly polar side groups by using glutaraldehyde. The physicochemical properties of the silk fibroin-insulin (SF-Ins) bioconjugates were investigated by enzyme-linked immunosorbent assay for the quantitative measurement of insulin. The biological activities of the insulin bioconjugates were characterized in vitro and in vivo. The SF-Ins constructs obtained by 5 h of covalent crosslinking showed much higher recovery (about 70%) and in vitro stability in human serum than bovine serum albumin-insulin (BSA-Ins) derivatives. The results in human serum indicated that the half-life in vitro of the biosynthesized SF-Ins derivatives was 2.1 and 1.7 times more than that of BSA-Ins conjugates and native insulin, respectively. The immunogenicity of the regenerated silk fibroin and the antigenicity of silk fibroin-modified insulin were not observed in both rabbits and rats. The pharmacological activity of the SF-Ins bioconjugates in diabetic rats evidently lengthened and was about 3.5 times as long as that of the native insulin, nearly 21 h. The bioconjugation of insulin with the regenerated silk fibroin greatly improved its physicochemical and biological stability.